Mitral valve prolapse (MVP) represents a frequent cardiovascular condition associated with increased cardiovascular risk, which may have progressive course and become malignant. Dysregulation of autonomic nervous system -especially sympathetic overdrive -is one of the factors considered to play a key role in its aetiology and development. There is a growing evidence of a large impact of sympathetic system on the development of MVP. Exaggerated sympathetic activity may lead to morphologic changes in valves tissue such as thickening and redundancy. Nowadays, few investigative methods are known for evaluation of the regulatory state of sympathetic nervous system, which could be, theoretically, used to identify the subjects with sympathetic overactivity associated with an increased cardiovascular risk. Electrodermal activity or blood pressure variability represent promising non-invasive methods for evaluation of the regulatory outputs of sympathetic nervous system. There is a possibility to extend a set of investigative methods in MVP and include the monitoring of sympathetic activity in the assessment of cardiovascular risk. This article summarizes knowledge about pathogenesis, diagnostic and therapeutical approaches of MVP, and brings some novel insights on the parameters of autonomic nervous regulation, which haven't yet been used in cardiovascular risk assessment in MVP.
INTRODUCTION
Mitral valve prolapse (MVP) represents a frequent cardiovascular condition associated with an increased cardiovascular risk. Multifactorial aetiology is assumed in the pathology of MVP; however, the principal underlying origin of this disease has still not been identified (1) . A dysregulation of autonomic nervous system with exaggerated sympathetic activity could represent one of the pathological mechanisms involved in aetiology and leading to the development of this disorder. MVP has a progressive course and may finally become malignant (2) . From this perspective, the evaluation of sympathetic activity might be of help.
Normal healthy tissue of mitral valve consists of three layers: inner ventricular layer, the middle spongiosa, and the outer fibrosa layer (1) . Morphological abnormalities like thickening and redundancy of the leaflet with chordal elongation and dilatation of annulus are also known as myxomatous degeneration (1) . In MVP the expansion of the middlespongiosa layer was documented with an increased number of interstitial cells, which featu -re by signs of activated myofibroblasts (1) . Morphology of the cells is also altered. Interstitial cells of valve in MVP have elongated shape and manifest increased contraction, striking stress fibers, and some other contractile features typical for myofibroblasts (3) .
The autonomic nervous system (ANS) imbalance turns out to be a considerable indicator of MVP; thus, autonomic dysregulation may be a common way leading to increased morbidity and mortality from cardiovascular diseases and other conditions (4) . It points to a significant role of ANS dysregulation as a cardiovascular risk factor. Therefore, the assessment of sympathetic activity may be of interest for better prediction of later complications and targeted preventive and therapeutical interventions. In general, it is very important to know the real origin of this disorder, which allows early identification and monitoring of the patients requiring medical intervention. Nowadays, few investigative methods are known for evaluating the state of ANS. This study focuses on the function and non-invasive assessment of the sympathetic nervous activity in patients with MVP with respect to cardiovascular risk.
Sympathovagal dynamic balance -function
Sympathetic and parasympathetic nervous systems coordinate the functions of the organism at rest and maintain appropriate allostatic response during stress (5) . Allostasis represents achievement of stability conveyed by physiological and behavioural alteration, whereas homeostasis ensures physiological stability by maintaining the functions of the organism at the basal level (6) . Usually, these two systems, sympathetic and parasympathetic system, act like antagonists -i.e. where one system causes activation, the other system inhibits this function. However, this is not absolute true for all organs (e.g., the parasympathetic branch doesn't influence smooth muscles of most vessels, while the sympathetic part causes their constriction). In general, parasympathetic nervous system plays a key role at rest and sympathetic nervous system is dominant in stress and endurance situations. Under physiological conditions these two systems are in dynamic balance (7) . Regarding the pathophysiology of MVP, the sympathetic hyperactivity is in the centre of interest as its overactivity may lead to a development of several diseases (e.g. hypertension) and, thereby, be associated with a higher cardiovascular risk (8) . The role of sympathetic activity in the aetiology and its extensive impact on the development of MVP is discussed below.
Mitral valve prolapse MVP, also known as Barlow's syndrome, is a common defect which afflicts 2-3% of the world population (9) . This valvular abnormality characterised by one or both abnormal mitral leaflets in the left atrium redounds to mitral regurgitation manifested by late systolic murmur (2) . The mitral regurgitation is caused by a morphological abnormality of one or more components of a complex mitral valve apparatus, i.e. leaflets, chordae tendineae, papi llary muscles, or mitral annulus. Nevertheless, except for anatomical abnormalities of other mitral apparatus parts, the thickness of mitral valve alone turned out to be not associated with significant mitral regurgitation (10) . Patients diagnosed with MPV usually present with concomitance of various symptoms including palpitations, orthostatic rhythm disorder, exertional dyspnoea, anomalous chest pain, and neuropsychiatric symptoms. They are summarily called "mitral valve prolapse syndrome". This syndrome includes the symptoms which are not the primary consequences of valvular regurgitation alone.
MVP can be caused by familial, sporadic, or other, less common causes (fibroelastic deficiency, Marfan's syndrome, bacterial endocarditis, acute ischemia, etc.) (11, 12) . Despite the fact that MVP is the most frequent cause of isolated mitral regurgitation leading to surgical repair, knowledge about genetic factors underlying the pathogenesis and progression of MVP is poor (11) . The key determinant responsible for the complex of these symptoms has been supposed to be abnormal autonomic regulation with elevated concentrations of catecholamines in circulation and enhanced β receptor affinity, indicating the presence of hyperadrenergic state, lowered vagal tone, and other autonomic dysfunctions (2) . Most of the patients with MVP were diagnosed with initial increased sympathetic activity and excessive autonomic responsiveness (13) . In addition, sympathetic nervous system is influenced by circadian rhythm -the sympathetic overactivity is typical for the morning and vice versa -the sympathetic underactivity is presented during the night (14) . Thus, the probability of occurrence of MVP symptoms is the highest in the morning.
Sympathetic nervous system could affect the tissue of mitral valve via its neurotransmitter -norepinephrine. Thus, coupling between neurotransmitters and specific receptors triggers a sequence of reactions, which results in modified physiological function within cells. Sympathetic neurotransmitters could play a key role in dysfunction of nerve terminals in the valve because of their reaction with adrenergic receptors (ARs). The regulatory state of sympathetic control can be reflected by expression of ARs in mitral valves, which was amplified in MVP. Immunochemistry analysis of β1-ARs, β2-ARs and α1-ARs in MVP tissue has shown dense deposits of these receptors (3) . Under physiological conditions the expression of adrener gic receptors is controlled through the mechanism of down-regulation -a decrease in number of binding sites in membrane -which is induced by excessive and prolonged exposition of receptors to ligands (15) . Based on the evidence of increased sympathetic activity in MVP with increased plasma levels of catecholamines (16) This autonomic imbalance is hypothesized to be a crucial determinant at the beginning and also in progression of MVP. Autonomic dysregulation is an indicator of MVP pathogenesis and seems to be a very good predictor of miserable prognosis in MVP because of negative cases associated with congestive heart failure, progressive mitral insufficiency, thromboembolism, bacterial endocarditis, and even sudden cardiac death (2, 17) . These events, which appear at the terminal state in the course of aging, show up more frequently in patients with MVP (2). Regarding the sex differences, according to Framingham study, females seem to be more vulnerable to MVP than men (2) .
In patients with secondary mitral regurgitation increased levels of muscle sympathetic nervous activity were found (18); however, less is known about the non-invasive indices of sympathetic neural regulation in patients with MVP, and, particularly, in paediatric patients. The early identification of patients with MVP is of major importance since MVP could be therapeutically affected. Therefore, we suggest that early management of this potentially malignant entity could help to decrease the number of patients with a dramatic impact of the advanced states. Natural course of MVP is not homogenous, it varies across benign and malignant conditions with increased morbidity and mortality caused by progressive regurgitation of the mitral valve (2) . Currently, the gold standards in diagnostics of MVP are physical examination and two-dimensional (2D) echocardiography (11) . Other methods which allow more detailed imaging of mitral valve in MVP include three-dimensional (3D) echocardiography (19) and 2D transoesophageal echocardiography (TEE), which represent very good identifiers of accurate localization of MVP (20) . Nowadays, cardiac magnetic resonance imaging belongs to useful non-invasive methods for identifying MVP itself and MVP-related regurgitation (21) . Non-invasive examination of sympathetic nervous system state could extend the diagnostic methods in future, improve early diagnostics, and allow the follow-up of clinically silent forms.
Therapeutical approaches in MVP may be firstly medical (beta-blockers e.g. propranolol) in patients with symptoms of dysautonomia like chest pain or palpitations. Individuals suffering from severe mitral regurgitation can undergo a repair or replacement of mitral valve (22) . Reparation of mitral valve involves subvalvular, valvular, and annular interventions (23) . Solution for mitral regurgitation represents transcatheter mitral valve interventions. This is a safer way for patients because transcatheter therapy is mini invasive and avoids risks accompanied with open heart surgery. These techniques are developed for interventions on many parts of mitral valve apparatus (24) .
Assessment of sympathetic nervous activity
The examination methods of sympathetic nervous system activity are: a) Blood pressure variability (BPV) Regulation of blood pressure (BP) is under control of sympathetic nervous system (25) . It has been documented that BP is not constant but is under influence of profound and spontaneous oscillations during short-term and long-term sessions. This results in variations within 24 hours (i.e. short-term variability: beat-to-beat, minute-to minute, hour-to-hour, and day-to-night changes) and also during days and months (i.e. long-term variability: days, weeks, months, seasons) (26) . Spectral analysis of BPV is composed of two bands:
• High-frequency (HF) band of BPV 0.15-0.40 Hz (27) . Oscillations of systolic and diastolic BP in this frequency band is markedly affected by breathing with its mechanic effect. Systolic BP is influenced by heart rate; thus, respiratory sinus arrhythmia takes part in the emergence of HF band of systolic BPV. Therefore, the HF band of systolic and diastolic BPV is mainly the result of non-autonomic effects of breathing and its complexity (7).
• Low-frequency (LF) band of BPV 0.075-0.15 Hz (27) . Baroreceptor mechanism and central mechanisms are responsible for the origin of this band of BPV Mayer waves (7) . The primary aim of the arterial baroreflex is to sustain BP homeostasis (28) . Baroreflex loop consists of baroreceptors, ANS, heart, and vessels (29) . Arterial baroreflex plays the major role in short-term BP control and production of BP oscilla tions with periods from seconds to minutes (28) . The baroreflex modulates sympathetic outcome to the vessels and, thereby, peripheral resistance. Therefore, arterial baroreflexes play a pivotal role in producing slow oscillations in BP via reflex loop, involving sympathetic nervous activity and vessels (30) . Thus, low frequency band of systolic BPV is considered as a marker of sympathetic activity. In summary, high-frequency band of BPV results mainly from the mechanical effect of breathing on intrathoracic pressure, while low-frequency band of BPV is predominantly under influence of sympathetic nervous activity (7).
b) Electrodermal activity (EDA)
Electrodermal activity (EDA) is an index of sympathetic branch of ANS. It is used to evaluate conductance of the upper corneal layer of skin and its changes influenced by activity of sweat glands, which are exclusively under sympathetic control (31, 32) . Under standard conditions, e.g. thermoneutral zone, EDA in these areas represents the reactions to psychological rather than thermoregulatory stimuli (33) .
EDA is characterized by two major parameters -tonic part and phasic part (32) . Tonic part of EDA -skin conductance level (SCL) -depends on the degree of wetness in the upper corneal layers of skin. The phasic EDA -skin conductance response (SCR), depends to a great extent on the number of sweat gland ducts that are actually filled with sweat, resulting in electric shunts between the upper skin layer and the conductive deeper tissue. The principle is based on measurement of skin conductance -with/without application of electrical potential between two electrodes on skin surface and measuring the final current flow between them (31, 32) .
EDA represents a non-invasive examination method frequently used in psychophysiology -for example in biofeedback training. A modern management of the disorders, which are known to be connected with emotional distress like hypertension and functional bowel disorders, involves application of EDA-biofeedback as a part of treatment (34) . In psychophysiological research EDA can be evaluated as an index of stress, arousal, and emotion, and, potentially, it could be used for monitoring of sympathetic nervous regulation in patients with MVP, characterized by sympathetic overactivity.
It seems that a complex approach for measurement of sympathetic activity is important for diagnosis of early abnormalities in autonomic nervous system in MVP patients, espe-
cially in children and adolescents characterized by dynamic developmental processes which may result in greater vulnerability to autonomic dysregulations.
Cardiovascular risk
For a long time it was questionable how to identify the individuals at risk of developing cardiovascular disease. Currently, several algorithms exist for the estimation of cardiovascular risk, e.g. SCORE (Systematic Coronary Risk Evaluation) risk charts presenting the 10-year risk of fatal cardiovascular disease. This estimator is based on the evaluation of following major risk factors: gender, age, systolic blood pressure (mmHg), cholesterolaemia (mmol/L), and smoking status (35) . Since sympathetic overdrive participates in the aetiology and development of specific cardiovascular diseases, it may be expected that it could be included in already known risk factors for a more detailed assessment of cardiovascular risk. Thus, non-invasive and sensitive methods like BPV or EDA could be used for early diagnosis of sympathetic overactivity and help to find out patients in latent state of cardiovascular disease. Noted investigative methods -EDA, BPV -can represent the possibility to assess early abnormalities of ANS regulation associated with higher cardiovascular risk in MVP. From this point of view, these methods could provide precious information about the pathological mechanisms leading to higher cardiovascular risk.
CONCLUSION
Mitral valve prolapse nowadays represents a major problem, especially in paediatric cardiology. Sympathetic excitation could be one of the pathological mechanisms leading to development and sustaining of MVP and, simultaneously, it is associated with increased cardiovascular risk. Therefore, non-invasive monitoring of sympathetic activity using electrodermal activity or blood pressure variability could be helpful in modern effective management of preventive and therapeutical interventions in patients with MVP.
